tients (two men, one woman; age range, 53-60 years) with symptomatic left SCA occlusion from May 2006 to June 2008 ( Table 1 ). The risk factors in this patients included hypertension (n = 2), smoking (n = 2), and hyperlipidemia (n = 1). Symptoms included dizziness, arm weakness, coolness and absent or weak pulse and/or BP difference (> 20 mmHg) in both arms. Angiography showed both the steal phenomenon and prevertebral segment occlusion in two patients, although the left vertebral artery (VA) in patient 3 originated directly from the aortic arch ( Figure 1 ).
Dual antiplatelet medication (100 mg aspirin and 75 mg clopidogrel) was administered at least three days prior to the procedure in all patients [5] [6] [7] [8] . All procedures were performed under local neuroleptic anesthesia. Technical success was defined as angiographic residual stenosis less than 20% and a gradient of less than 5 mmHg across the treated lesion. Patients were clinically evaluated 10 to 31 months following the procedure. Patency of the stented segment was demonstrated by means of DS or CTA. Clinical failure was defined as renewed clinical symptoms caused by recurrent obstruction of the SCA.
Landmark-wire technique
After careful evaluation of the color-coded duplex sonography, CTA, and/or MRA of the aortic arch vessels, we initially punctured both the femoral artery and the branchial artery. A 6-8F guiding catheter was placed into the ostium
Summary
The landmark at the opposite end of an occluded segment can be used for probing the occluded subclavian artery to be recanalized. Using this technique in three patients with symptomatic subclavian artery occlusion, we found the landmark-wire technique to be safe and effective for reopening completely occluded subclavian arteries. We also introduced a technique in which a protective device can be safely used throughout the stenting procedure.
Introduction
Percutaneous transluminal angioplasty and stenting have recently been regarded as an alternative treatment for symptomatic subclavian artery (SCA) stenosis including subclavian or coronary steal phenomenon 1-3 . However, traditional surgical treatment with subclavian-carotid bypass or transposition is frequently chosen for occluded SCA because of the difficulties encountered both passing through an occlusion and in stenting 4 . We present a safe and effective technique used while probing through the occluded segment of an SCA and leading to successful recanalization using a landmark at the opposite end of the occlusion.
Methods
Among 19 consecutive patients who underwent SCA and brachiocephalic artery stent insertion at our institute, there were three pa-Landmark-Wire Technique of Symptomatic Subclavian Artery Occlusion S. LIU 1,2 , J. HEE JUNG 1 , H-JU. KWON 1 , S-MI. KIM 1 , D.C. SUH 1 of the LSA, and a 4-6F catheter was inserted into the ipsilateral brachial artery. Systemic heparinization was given to make the activated coagulation time more than 250 seconds.
Bilateral selective angiograms or the roadmap were obtained to demonstrate both ends of the occluded LSA. A guidewire was inserted via the femoral guiding catheter into the occluded lesion. Under the landmark of the catheter and/or guidewire which were inserted via the brachial artery into the opposite end of the occluded segment, we probed and crossed through the occluded segment using a catheter via the femoral route. Once a stiff guidewire such as Conquest (Asahi Intecc Co, Ltd, Aichi, Japan), crossed through the occluded segment, we performed predilation using an angioplasty balloon, followed by stent placement and postdilation. A protection device was inserted into the VA via the brachial route in patient 2 (Figure 2) . A 5-mm SpiderFX1 (eV3, Plymouth, MN) embolic protection device was placed in the left vertebral artery via the ipsilateral brachial artery to prevent thromembolic phenomenon into the VA (Figure 2 ). After the procedure, the patients received 100 mg of aspirin once daily as a permanent medication and 75 mg of clopidogrel once daily for at least six months following the procedure 5, 6, 8 .
Results
Technical success was achieved in all three patients. We uneventfully crossed the guidewire through the occlusive lesion using the landmark-wire technique via the femoral catheter in all patients. We then predilated stenosis with a balloon followed by stenting. The last angiogram showed regained antegrade flow without significant residual stenosis after stenting in all patients. There were no adverse events during the procedure and no symptom recurrence without restenosis during the 10 to 31 month follow-up period.
Discussion
Surgical treatment for SCA stenosis consisting of carotid-subclavian bypass or subclaviancarotid transposition has been replaced by percutaneous transarterial techniques 9 . Compared to the 90%-100% success rate of SA stenosis, as SCA occlusions have approximately a 70% treatment success rate because of the difficulty of passing a stent through an occluded segment, surgery is still recommended as the most appropriate treatment for a total SCA occlusion 10, 11 . However, the surgical complication rate can be as high as 21% with numerous neurologic events, lymphatic fistula, and even postoperative hemorrhage requiring repeat surgery in 3.3% of all patients 12 .
Although a both-ended approach to the occluded segment has been used to recanalize SCA occlusion 13 , to the best of our knowledge the landmark-wire technique has not been described in the literature as a method of recanalization for an occluded SCA. A catheter and/or All the lesions were in the left subclavian artery. guidewire used as a landmark at the opposite end of an occlusion, can guide the probing direction thus preventing unnecessary vessel injury or repeated contrast agent injection during coronary angioplasty for chronic total occlusion 14 . The transbrachial approach can be tried first because the catheter and the guidewire are unstable in the aortic arch especially in cases of osteal occlusion 4 . However, in our series, we could pass the occluded lesion via the femoral route by using stable engagement of the guiding catheter and the rigid guidewires which were developed for the purpose of probing the occluded segment 13 . Even though we could cross the occluded segment via the femoral route in this study, the guidewire can also cross the lesion via the brachial route. The simultaneous availability of this double-ended approach is a definite advantage of the landmark-wire technique because probing at the opposite end of occlusion is only possible when the probing guidewire is against the resistance or has been passed in the wrong direction. However, it is noteworthy that probing through the atherosclerotic occlusion can carry a potential risk of subintimal dissection leading to penetration or even rupture of the vessel wall even though there is no immediate evidence of such a penetration injury.
We have achieved a good stent position with Figure 2 Procedure diagram of recanalization using the landmark-wire technique and a protective device in the vertebral artery via the brachial artery. We assumed that the stent covered the vertebral artery ostium because retrieval of the protection device would be difficult in a case of such jailing. The left subclavian artery occlusion (A) with patent vertebral artery lumen was probed using a stiff guidewire (B). Stenting was performed with a protective device in the vertebral artery. Note the retrieval catheter already positioned in the vertebral artery in order to smoothly remove the protective device (C, D).
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the self-expanding nitinol stents used in our patients because flexibility in this curved region is critical even though balloon-expandable stents have been recommended for accurate positioning and in order to reduce migration 8, 11, 13, 15 . The reason we chose self-expandable stents is that they tend to have good opposition against the vessel wall which has a different luminal diameter due to tapering.
The at least 20-second delay of blood flow reversal after reopening an occlusion explains the rarity of an embolism occurring in the vertebral artery in patients with subclavian steal phenomenon 16, 17 . However, as embolisms occurred in up to 4.3% of patients, it suggests that embolic protection systems may be required while performing SCA interventions 1, 2, 18 . Considering the anatomic difference between the carotid and vertebral arteries, the use of protective devices can be limited throughout the recanalization procedure 18 . Therefore, we intro-duced a technique in which a protective device can be safely used throughout the stenting procedure, as described in Figure 2 .
Conclusions
The landmark-wire technique using a bothended approach is safe and effective for use while probing an occluded segment of the SCA and leads to an improved recanalization success rate. The landmark-wire technique also allows a protective device to be safely used throughout the stenting procedure.
